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PHTHftliOCYAWIME DBRIVJVTIVB lAYBR IW BLBCTROKIC MDI.TirAYgR 
PaVICBa AMD MBTOtOD goa TBE MaanJFACTPRINg gHBRBQg 

Piaild of the Invantelon 

COO Oil The present invention is related to electronic 
devices and more particulaiply to a multilayer device 
comprising an organic active layer of a phthalocyanine 
derivative presenting a homeotropic alignment as well as a 
manufacturing method thereof . 

"state of the art 

10002] Liquid crystals (liC) are materials which can 
present a raesophase " having long-range orientational order 
but no long-range positional order (Goodby J.W., Gray G.W. , 

in Handbook of Liquid Crystals Demus D,,' Ooodby J., Gray 
G.W., Spiess H.-W.> Vill V. eds Wiley-VCH, 17-23 ) . LC can be 
classified wittt respect to the shape of ■ the molecules: 
calimttic LC have a rod or lath-like molecular structure 
while diecotic LC have a relatively flat disc or sheet- 
shaped molecular structure. 

[0003] The molecular structure of disco tic LC confers • 
them a unique combination of physical and chemical 
properties. The presence of the lateral chains grafted on 
the aromatic core induces a phase segregation, which leads 
to a large anisotropy of the materials in some cases, the 
discs stack on top of another to form columns, the 
different columns constituting a two-dimensional lattice. 
The. latter can be hexagonal, rectangular, rectangular face 
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centered, oblique or tetragonal. The pilling of the disc 

leads to the formation of a one-directional semi -conductive 
. material- indeed, in the columns, H-H stacking of aromatic 

cores allows electron hoping from one to another molecule, 
5 and the lateral chains play the role of insulator. Each 

column can thus be assimilated to an electric cable. 
• Finally, discotic LC are very efficient in absorbing 

visible light. 

[0004] Such properties make discotic litjuid. crystals 
10 very good candidates to build electronic devices like 
photovoltaic cells (PVCs) , organic light emitting diodes 
(OLSDs) , sensors, etc... 

C00053 ■ PVCS are designed to convert light into 
electricity. It requires at least two semi -conductive 

15 layers, one which is a negative charge carrier (n-type) and 
the other which is a positive charge carrier (p-type) . Both 
layers can be constituted by LC, but the following pairs 
can also be considered: LC/semi- conducting polymer? 
LC/semi-conducting crystalline material, LC/ semi- 

20 conducting amorphous material. Light adsorption leads to 
the formation of an eaccited state (exciton) , which can only 
be efficiently split into a free charge pair at the 
interface between the two poraponents. The charges can then 
migrate through the two layers to reach the electrodes, 

25 where they are collected. 

C0006] m OLEDs, h+ are injected into the p-type semi- 
conducting layer from a high work function electrode 
(indium tin oxide, gold, ...) and e- are transferred into the 
p-type semi -conducting layer from a low work-function 

30 electrode (aluminum', silver, ...) . The free charges have to 
be transferred into a third layer of electro- luminescent 
material, giving rise to charge recombination and light 
emission. 



C0007] in liquid crystal -based sensors, a simple method 
to detect the molecule of interest is to measure a change 
in physical properties of the LC layer (texture, light 
absorption, mass) after the binding of the analyte to the 
5 mesogenic layer. 

EOOOSJ In all these applications, discotics have to be 
organized horaeotropically, i.e. with the columns developing 
from one to the other layer between which they are 
sandwiched without any break (Fig. l) . Prom the electronic 
10 device point of view, homeotropic alignment increases 
exciton diffusion length up to 100 nm. in consequence, the 
probability that an exciton. reach the interface between the 
two layers raise as well as the number, of net charges 
created. Prom the sensor point of view, homeotropic 
15 alignment improves the sensitivity of the device. 

[0009] In general, for nematic as well as for discotics, 
homeotropic alignment is induced by an alignment layef 
deposited on the electrode used in the electronic device. 
The said alignment layer can.be obtained, for example, by 
20 an oblique evaporation process with sio vapors (Lu et al, 
US. patent 6,426,786) or by grafting of alkyl sllane- 
moieties with long allcyl chains (Kanbe et al, us patent 
6,159,562). In some rare cases, spontaneous homeotropic, 
alignment is obsefved between two substrate layers* 
25 - a fluoroalkylated trlphenylene derivative shows homeo- 
tropic alignment in the columnar hexagonal (Colhex) phase 
(around 130«>C), between two indium tin oxide et soda- lime 
glass plates (Terasawa N. et al, ChemCom, 2003, 1678- 
1679) t 

30 - phthalocyanine lutetiutn and copper derivatives show 
homeotropic alignment in their columnar tetragonal 
(COLtet) phase (at 23S« and 160«C, respectively) between 
two soda-lime glass and quartz- substrates (Kazuaki H. et 
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al. Journal of Material Chemistry, 2001, 11, 423-433? 
Kazuaki H. et al. Bull. Chettv. Soc. Jpn, 2003, 76, 781- 
787) . 

COOlOl The present invention describes the spontaneous 
5 homeotropic alignment of a phthalooyanine derivative 
sandwiched between two substrate layers, at room 
temperature and for .a very wide range of substrate layers, 
used as such. 

10 Alms ofi the invention 

[00113 The present invention aims to provide an 
electronic device comprising a .mesogenic active layer, 
constituted by a phthalocyanine derivative, said 
phthalooyanine derivative presenting a homeotropic 

15 alignment at room temperature emd for a very wide range of 
adjacent substrate layers. 

[0012] Furthermore, the present invention presents a 
manufacturing method for electronic devices conqprising a 
mesogenic active layer of a phthalocyanine derivative. 

20 

SmtBttary ot the invention 

C0013] The present invention discloses an electronic 
device including at least one organic semi -conducting layer 
comprising a horaeotropioally organized phthalooyanine 
25 derivative 1 sandwiched between at least two substrate 
layers 2, 3. 

[0014] m a first aspect of the present invention, the 
phthalocyanine derivative is selected from the group 
consisting of: 

30 
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wherein J - M can be 2 atoms (ii^ or ifc) or one metal atom 
(Zn, Cu, ...) , 

- R is an aliphatic moiety with the struature 
CHa-CH- (CnH„.3) 

with n going from 4 to 12 

E001B3 in a preferred aspect of the present invention, 
the substrate layers are inorganic layers. 
C0016] Advantageously, the inorganic layers are soda 
lime glass, quartz or silicon. 

C00171 In a general aspect of the present invention, the 
inorganic layers are coated with n-type liquid crystalline, 
crystalline or amorphous molecular semi-conductors selected 
from the group consisting of hexaazatriphenylene, 
hexaazatrinaphthalena, dodeca-aaatri-phenylene, hexaaaatri- 
ieooxanaphthalene, H^xa-azatri-isothianaphthalene, 
trioycloquinaaoline, perylene derivatives and fullerene 
derivatives , 

t0018] . Advantageously, • the substrate layers are organic 
polymer layer selected from the group consisting of 
polytetrafluoro-ethyl^ne, polyethylene, polyethylene- 
terephthalate, polycarbonate, polyvinylohlpride, poly- 
urethane, poly-propiylene, poly (methyl methacrylate) . 



[0019] Furthermore, the snjd^strate layers further 
compriees a coating layer selected from the group 
consisting of metals or metal oxides. 

[0020] In a particular aspect of the present invention, 
the metals or metal oxides are selected from the group 
consisting of silver, gold, aluminum, magnesium, indium tin 
oxide, tin oxide, zino oxide, titanium oxide, gallium 
oxide, yttrium oxide and praseodyniumoxide . 

[0021] In a particular aspect of the present invention, 

the substrate layers are coated with semi-conductive 
polymers selected from the group consisting of PBDOR, 

PEDOT-PSS, polyaniline, polypyrrole and polythiophSne. . 

[00223 in an additional particular aspect of the 

present invention, the substrate layers or said coating 

layer are grafted by functional moiety' s . 

[00233 m another particular aspect of the present 
invention, the functional moiety's are silane groups. 
[00243 Additionally, the present invention discloses a 
method for the manufacturing of the electronic device of 
the invention comprising the following steps: 

- Depositing 1 to 5mg/om- of a phthalocyanine derivative 
layer (l) on a first substrate layer (2) and covering 
said phthalocyanine derivative layer (i) fixed on the 
first subfitrate layer (2) by the second substrate layer 
(3) to build a sandwich. 

- Heating the obtained sandwich in a hot plate at a 
temperature slightly above the isotropisatioh . 
temperature , 

- Applying a slight pressure on the second substrate layer 
(2) in order to make the film thinner, 

- cooling down the film at a cooling rate of l0»C/min to a 
temperature well below the is.otropisation temperature in 
a stable position. 
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ahorfc de scription of tha drawin^ fl 

C0025] Figure 1 is a schematic representation of 
homeotropic alignment of disootic molecules between two 
substrate layers. 

E0026J Figure 2 is a sohematio view of the electronic 
device with a phthalocyanine derivative layer i organized 
homeotropically and sandwiched in between a first 2 and a 
second substrate layer 3 Both layers being possibly coated 
with a coating layer 4. 

Detailed descriptio n of the invention 

C0027] The present invention discloses an electronic 
device comprising, at least, one organic layer of a 
homeotropically organized phthalocyanine derivative 
sandwiched between a first and a second substrate layer 2 
and 3 . 

£0028] The manufacturing method can be described by the 
following steps: 

- Depositing i to .5mg/cm» of a phthalocyanine derivative 
layer 1 on a first substrate layer 2 and covering said 
phthalocyanine derivative layer i fixed on the first 
substrate layer 2 by the second substrate layer 3 to 
build a sandwich. 

- Heating the obtained sandwich in a hot plate at a 
temperature slightly . above the temperature at which the 
mesogenic become a liquid (isotropisation temperature) . 

■ Applying a slight pressure on the second substrate layer 
3 in order to obtain a film several microns thick. 
Cooling down the film at a cooling rate of 10<»c/mia to a 
temperature well below the isotropisation temperature in' 
a stable position in order not to loose the homeotropic 
alignment. 
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[0029] 



Phthalocyanine derivatives 



have the following ' 



chemical structure : 
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wherein: - M can. be 2 atoms (Lia or Ha) or one metal atom 
{Zn, CU; «m) f 

R is an aliphatic moiety with the staructure: 
CH2-CH- (C„Hn-2) 



with n going from 4 to 12; the size of the chain thereof 
allowing the molecule to be liquid oryatalline with an 
isotropic transition below the decomposition temperature 
and more opecifically below 200«'C. This temperature is the 
'upper limit to be considered to keep reasonable conditions 
in the industrial process, 

[003 OJ The substrate layers have to be stiff and flat 
surfaces like for example, soda lime glass, silicon, 
quartz /.M In this case the substrate has to be carefully 
cleaned by a mixture of H2O2 and H2SO4 {1;10^ v;v) before 
use. The low thickness of such substrate layers {100 pxa) 
allowing a certain flexibility for a serie of applications, 
[00313 Glass and related materials can advantageously be 
coated by metal or metal oxide in order to provide 
electrodes (2 and 3 coated by 4) . Typical coating materials 
are the following: silver, gold/ aluminium, magnesium. 
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indium tin oxide, tin oxide, zinc oxide, titanium oxide, 
gallium oxide, yttrium oxide praseodymium oxide. 
£00321 in order to improve interactions between the 
substrate layers and the phthalocyaaine derivative, both 
B glass (or related materials) substrates , coated or not 
with metal oxides can be grafted by alkylsilanes with short 
alkyl chains. 

C00333 Glass and related materials can be replaced by 
polymer plates, coated or not with metal or metal oxide,' in 
order to allow for example, lamination of the devices on 
textiles. This operation consist to fix solar cell onto a 
textile under high pressure with a glue comprising a molten 
polymer, without being limitative, good candidates for such 
substrates are the following: polytetraf luoroethylSne, 
15 polyethylene- (terephthalate) , polycarbonate, polyvinyl- 
chloride, poly-urethane, polypropylene,.. poly(methyl 
methacrylate) , ... 

C00343 Glass and related materials can also be spin- 
coated {2 and 3 coated with 4) with n-type polymers, la 

20 order to make the injection of charges in the system easier" 
or in order to provide an electronic device like pvcs or 
OLEDs, which require the combination of materials with hole 
carriers properties (p-type, phthalocyanine derivative), 
one the one hand, and electron carriers properties on the 

25 other hand. In this dase, polymer candidates are the 
following:, PEPOT-PSS, polyoxadiazoles, poly(9,9- 
dioctylf luorene-co-benzothiadiazole) , poly (9 , 9-dioatyl- 

fluorene), poly-pyridinee , polyquinoxalines, poly- 
guinolines, ... 

30 too 3 5] Advantageously, semi- conduct ive polymer layer can 
be replaced by n-type liquid crystal, crystallne or . 
amoirphous molecular semi r conductor, deposited by spin- 
coating technique <2 or 3 coated with 4). Exa.wplea of such 
materials are: hexaazatriphenylene, hexaazatrinaphthalene. 
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dodecaazatriphenYlene, hexaazatri-isooxanaphthalene, hexa- 
aaatriisotlxianaphthalene, tricyalo.-quinazoline, perylene 
derivatives, fullerene derivatives and especially CSl- 
bntyric acid methyl ester. 
5 Bxaimple'W 

[0036] An electronic device comprieing a phthalocyaniae 
derivative layer with a lateral cHain with n - 12, 
sandwiched between a first substrate layer of a glass 
substrate coated with Indium. Tin Oxide (ITO) and. a second 
10 subBtrate layer o£ a glass plate coated with aluminum and 
spin-coated with a C61-butyric acid methyl ester (PCBM) 
layer , 

' The device is obtained with the following manufacturing 
method t 

IB - A glass plate 3 covered by an aluminum layer is spin- 
coated with a PCBM solution {4 mg/ml in toluene) at 1500 
rpm with an acceleration of 1500 rpm/sec in order to 
• deposit a thin PCBM layer 4 on the glass plate. 

- 1-5 mg of a phtalocyanine derivative layer 1 is deposited 
20 on the ITO coated glass plate 2 and covered with the PCBM 

coated glass plate 3+4. 

- The obtained sandwich is heated in a hot plate at 200«C, 
in order to obtain a liquid phtalocyanine derivative, 
layer 1. 

25 - A slight pressure is ' applied on the second substrate 
layer 3 + 4 in order to obtain a film of a phtalocyanine 
derivative layer 1 of several microns thick. The film is 
cooled down at a cooling rate of lO-C/min to ambient 
temperature in a stable position to avoid the loosing of 

30 the homeptropic alignment. 
[0037] Legend 

1. Phtalocyanine derivative layer 

2. First substrate layer 
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3« Second substrate layer 
4. Coating layer 
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1. Electronic device including at least 
one organic semi -conducting layer comprising a 
homeotropically organized phthalocyanine derivative (1) 
sandwiched between at least two substrate layers (2,3) . 

2. Electronic device according to Claim 
1, wherein said phthalccyanine derivative is selected from 
the group consisting of; • 



OR 




10 



IS 



OR 



wherein: - M can be 2 atoms (Lia or Ha) or one metal atom 
(Zn/ Ou, ...) , 

- R is an aliphatic moiety with the structure 
CHa-CH- (CnHn-a) 
(c)n-aHn-4) 
with n going from 4 to 12 



3, Electronic device according to Claim 

1, wherein said substrate layers are inorganic layers, 

20 4. Electronic device according to Claim 

2, wherein said inorganic layers are soda lime glass, 

■ quartz or silicon. 

5. Electronic device according to Claim 

3, wherein said inorganic layers are coated with n-type 
25. liquid crystalline, crystalline or amorphous molecular 
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0emi -conductors selected from the group coixeiating of 
hexaazatriphenylene / hexiaaasatrinaphthalene , dodeca-azatri- 
phenylene , hexaaaatriisooxanaphthalene , hexa - aza tri - 
ieottixanaphthalene , tricyaloquinazoline, perylene 

S derivatives, and fullerene derivatives- 

Electronic device according to Claim 
1, wherein said subetrate layerg; are organic polymer layer 
selected from the group consisting of polytetrafluoro- 
ethylene , polyethylene , polyethyleneterephthalate , 

10 polycarbonate, polyvinylchlor ide , polyurethane, poly- 
propylene/ poly (methyl methaorylate) • 

7* Electronic device according to Claim 

3 or 4, wherein said substrate layers further comprises a 
coating layer selected from the group consisting of metals 

15 or metal oxides. 

8. Electronic device according to Claim 
5/ wherein said metals or metal oxides are selected from 
the group consisting of silver^ gold^ aluminum^ magnesium, 
indium tin oxide, tin oxide, zinc oxide, titanium oxide, 

20 gallium oxide, yttrium oxide and praeeodyniumoxide. 

9. Electronic device according to Claim 
3 or 4; wherein said substrate layers are coated with semi- 
conductive polymers selected from the group consisting of 
PEDOR, PEDOT-PSS, polyaniline, polypyrrole and 

25 polythiophSne • 

10. Electronic device according to any of 
the preceding, claims^ wherein said substrate layers or said 
coating layer are. grafted by functional moiety' s- 

11- Electronic device according to Claim 
30 7, wherein said functional moiety's are silane groups. 

12* Method for the manufacturing of the 
electronic device of Claim 1 comprising the following 
steps : 
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Depositing l to Smg/ctn^ of a phthalocyanine derivative 
layer (1) on a first substrate layer (2) and covering 
said phthalocyanine derivative layer (1) fixed on the 
first substrate layer (2) by the second substrate layer 
(3) to build a sandwich. 

- Heating the obtained sandwich in a hot plate at a 
temperature slightly above the isotropisation 
temperature, 

- Applying a slight pressure on the second substrate layer 
(2) in order to make the film thinner, 

- Cooling down the film at a cooling rate of 10<=^C/min to a 
temperature well below the isotropisation temperature in 
a stable position. 

13. Use of the electronic device of Claim 1 
in photovoltaic cells, organic light emitting diodes and 
sensors . 
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PHyH&I.OCYANINg DBRIVAyiVE LA YERS IW ELBlC TRONIC MtlJ-gyTTAVinT. 
^ PgVICBfl AMD MBTgOD F OR THB MANUgACTTJRINQ THgRBOF 

The present invention relates to an electronic 
device including at least one organic serai -conducting layer 
comprising a homeotropically organized phthalocyanine 
10 derivative sandwiched between at least two substrate 
• layers. 
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